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,Q WKLV SDSHU ZH FRQVLGHU VHPLSDUDPHWULF GXUDWLRQ PRGHOV DQG HFLHQW HV
WLPDWLRQ RI WKH SDUDPHWHUV LQ D QRQLLG HQYLURQPHQW :H VKRZ WKDW LQ WKH
RIWHQXVHG $XWRUHJUHVVLYH &RQGLWLRQDO 'XUDWLRQ $&' PRGHO WKH DVVXPSWLRQ
RI LQGHSHQGHQW LQQRYDWLRQV LV WRR UHVWULFWLYH WR GHVFULEH QDQFLDO GXUDWLRQV
DFFXUDWHO\ 7KHUHIRUH ZH FRQVLGHU VHPLSDUDPHWULF H[WHQVLRQV RI WKH VWDQGDUG
VSHFLFDWLRQ WKDW DOORZ IRU DUELWUDU\ NLQGV RI GHSHQGHQFLHV EHWZHHQ WKH LQQRYD
WLRQV 7KH H[DFW QRQSDUDPHWULF VSHFLFDWLRQ RI WKHVH GHSHQGHQFLHV GHWHUPLQHV
WKH H[LELOLW\ RI WKH VHPLSDUDPHWULF PRGHO :H FDOFXODWH VHPLSDUDPHWULF H
FLHQF\ ERXQGV IRU WKH $&' SDUDPHWHUV GLVFXVV WKH FRQVWUXFWLRQ RI HFLHQW HV
WLPDWRUV DQG VWXG\ WKH HFLHQF\ ORVV RI WKH H[SRQHQWLDO SVHXGROLNHOLKRRG SUR
FHGXUH 7KLV HFLHQF\ ORVV SURYHV WR EH VL]HDEOH LQ DSSOLFDWLRQV )RU GXUDWLRQV
REVHUYHG RQ WKH 3DULV %RXUVH IRU WKH $OFDWHO VWRFN LQ -XO\ DQG $XJXVW 
WKH SURSRVHG VHPLSDUDPHWULF SURFHGXUHV FOHDUO\ RXWSHUIRUP SVHXGROLNHOLKRRG
SURFHGXUHV :H DQDO\]H WKHVH HFLHQF\ JDLQV XVLQJ D VLPXODWLRQ VWXG\ ZKLFK
FRQUPV WKDW DW OHDVW DW WKH 3DULV %RXUVH GHSHQGHQFLHV DPRQJ UHVFDOHG GX
UDWLRQV FDQ EH H[SORLWHG
.H\ZRUGV $GDSWLYHQHVV 'XUDWLRQV 2QHVWHS LPSURYHPHQW 6HPLSDUDPHW
ULF HFLHQF\
-(/FRGHV & &
&HQW(5 'HSDUWPHQW RI (FRQRPHWULFV DQG 'HSDUWPHQW RI )LQDQFH 7LOEXUJ 8QLYHUVLW\ 32%R[
  /( 7LOEXUJ 7KH 1HWKHUODQGV :H WKDQN -RDQQ -DVLDN IRU NLQGO\ SURYLGLQJ WKH GDWD
6HYHUDO KHOSIXO UHPDUNV KDYH EHHQ JLYHQ E\ 5RE (QJOH DQG 1HLO 6KHSKDUG DW WKH (& PHHWLQJ LQ
0DGULG 
 ,QWURGXFWLRQ
'XULQJ WKH ODVW GHFDGH WKH DYDLODELOLW\ RI QDQFLDO GDWD DW D WLFNE\WLFN OHYHO KDV
JUHDWO\ LQFUHDVHG 7KH LUUHJXODUO\ VSDFHG GDWD UHTXLUHV QHZ HFRQRPHWULF WHFKQLTXHV
WR H[WUDFW WKH HFRQRPLF LQIRUPDWLRQ FRQWDLQHG LQ VXFK GDWD 7KLV SDSHU FRQFHQWUDWHV
RQ WKH GXUDWLRQV EHWZHHQ WUDQVDFWLRQV RQ QDQFLDO PDUNHWV 7R WKDW H[WHQWZ HE D V H
RXUVHOYHV RQ WKH VHPLQDO $XWRUHJUHVVLYH &RQGLWLRQDO 'XUDWLRQ $&' PRGHOR I( Q J O H
DQG 5XVVHOO  )RU WKH GDWD DW KDQG WKH WUDGLWLRQDO DVVXPSWLRQ RI LQGHSHQ
GHQWO\ DQG LGHQWLFDOO\ GLVWULEXWHG LQQRYDWLRQV VHHPV WR EH LQDSSURSULDWH 7KHUHIRUH
ZH FRQVLGHU VHPLSDUDPHWULF PRGHOV LPSRVLQJ OHVV VWUXFWXUH RQ WKH LQQRYDWLRQV 7R
REWDLQ HFLHQW HVWLPDWRUV LQ WKHVH VHPLSDUDPHWULF PRGHOV ZH KDYH WR H[WHQG WKH
VHPLSDUDPHWULF UHVXOWV DYDLODEOH IURP WKH HPHUJLQJ OLWHUDWXUH RQ VHPLSDUDPHWULFV
'XULQJ UHFHQW \HDUV DQ HQRUPRXV SURJUHVV KDV EHHQ PDGH LQ WKH DUHD RI VHPL
SDUDPHWULF HVWLPDWLRQ 6WDUWLQJ ZLWK WKH ZRUN RI 6WHLQ  DERXW WKH SRVVLELOLW\
RI DGDSWLYHQHVV LQ WKH V\PPHWULF ORFDWLRQ PRGHO WKH WHFKQLTXHV KDYH EHHQ IXUWKHU
GHYHORSHG HYHU VLQFH 7KH ZRUN E\ + DMHN DQG /H &DP LV HVSHFLDOO\ ZRUWK PHQWLRQ
LQJ KHUH 7UDGLWLRQDOO\ WKH PRGHOV FRQVLGHUHG DUH EDVHG RQ LLG REVHUYDWLRQV $
IDLUO\ FRPSOHWH DFFRXQW RQ WKH VWDWH RI WKH DUW LQ LLG PRGHOV FDQ EH IRXQG LQ WKH
PRQRJUDSK E\ %LFNHO .ODDVVHQ 5LWRY DQG :HOOQHU  1HZH\  SURYLGHV
DQ RYHUYLHZ IURP DQ HFRQRPHWULF SHUVSHFWLYH 6HPLSDUDPHWULF HFLHQF\ FRQVLGHU
DWLRQV DQG DGDSWLYHQHVV LQ WLPH VHULHV KDYH EHHQ GLVFXVVHG DV ZHOO EHJLQQLQJ ZLWK
.UHLVV DE IRU $50$W\SH PRGHOV ,Q WKLV VWUHDP RI OLWHUDWXUH WKH LQQR
YDWLRQV DUH DVVXPHG WR EH LLG .RXO DQG 6FKLFN  GLVFXVVHV QRQOLQHDUD X W R U H 
JUHVVLYH ORFDWLRQ PRGHOV ZLWK VSHFLDO HPSKDVLV RQ WKH LQLWLDO YDOXH SUREOHP 'URVW
.ODDVVHQ DQG :HUNHU  FRQVLGHUV VRFDOOHG JURXS PRGHOV FRYHULQJ QRQOLQHDU
ORFDWLRQVFDOH WLPH VHULHV 6WHLJHUZDOG  VWXGLHV OLQHDU UHJUHVVLRQ PRGHOV LQ D
WLPH VHULHV FRQWH[W /LQWRQ  GLVFXVVHV OLQHDU PRGHOV ZLWK $5&+ HUURUV 'URVW
DQG .ODDVVHQ  SDUWLFXODUL]HV WR WKH *$5&+ PRGHO DQG :HIHOPH\HU 
FDOFXODWHV HFLHQF\ ERXQGV LQ PRGHOV ZLWK JHQHUDO 0DUNRY W\SH WUDQVLWLRQV
7KH SUHVHQW SDSHU GURSV WKH LLG DVVXPSWLRQ RQ WKH LQQRYDWLRQV 7KH VHPL
SDUDPHWULF WHFKQLTXHV PHQWLRQHG DERYH DUH XVHG DQG H[WHQGHG WR EXLOG DQ DGHTXDWH
PRGHO IRU GXUDWLRQV EHWZHHQ WUDQVDFWLRQV RQ QDQFLDO PDUNHWV 7KHUHIRUHZ HF R Q 
VLGHU VHPLSDUDPHWULF VSHFLFDWLRQV ZKHUH WKH LQQRYDWLRQV PD\ KDYH GHSHQGHQFLHV RI
XQNQRZQ IXQFWLRQDO IRUP $V VKRZQ LQ 6HFWLRQ  VXFK D VSHFLFDWLRQ OHDGV WR D QRQ
WULYLDO DQDO\VLV RI VHPLSDUDPHWULF HFLHQF\ 7KH HPSLULFDO UHVXOWV LQ 6HFWLRQ  VKRZ
WKDW WKH JDLQ IURP FRQVLGHULQJ WKH PRUH FRPSOLFDWHG VHPLSDUDPHWULF SURFHGXUHV LV
VL]HDEOH 7KHVH HFLHQF\ JDLQV DUH LPSRUWDQW VLQFH WKH\ DOORZ IRU PXFK PRUHS U H F L V H
SDUDPHWHU HVWLPDWHV DQG SUHGLFWLRQV 7KLV KROGV HYHQ LQ QDQFLDO DSSOLFDWLRQV ZKHUH
WKH QXPEHU RI REVHUYDWLRQV LV W\SLFDOO\ ODUJH
:H KDYH FKRVHQ D PRGHO IRUPXODWLRQ ZKLFK XVHV WKHVH LQQRYDWLRQV DQG GR QRW VSHFLI\ WKH PRGHO
LQ WHUPV RI KD]DUG IXQFWLRQV 6XFK D VSHFLFDWLRQ ZLWK KD]DUG IXQFWLRQV ZRXOG EH PDWKHPDWLFDOO\
HTXLYDOHQW EXW ZH IRXQG LW HDVLHU WR XVH WKH VSHFLFDWLRQ RI (QJOH DQG 5XVVHOO 
7KH FUXFLDO LQJUHGLHQW LQ VHPLSDUDPHWULF HFLHQF\ FDOFXODWLRQV LV WKH HFLHQW
VFRUHIXQFWLRQ /HW XV UHFDOO WKLV FRQFHSW KHUH )RU D ULJRURXV WUHDWPHQWR Q HP D \
FRQVXOW HJ %LFNHO HW DO  RU 'URVW .ODDVVHQ DQG :HUNHU  &RQVLGHU
DV H W X SZ K H U HL GHQRWHV WKH REVHUYDWLRQ QXPEHU DQG    LV D QLWH GLPHQVLRQDO
SDUDPHWHU RI LQWHUHVW :H GHQRWH FRQGLWLRQDO H[SHFWDWLRQV XQGHU  E\ (, Q
JHQHUDO D VFRUH IXQFWLRQ VL LV D UDQGRP IXQFWLRQ RI WKH SDUDPHWHU  VXFK WKDW
( IVLJ    L   Q 
*HQHUDOO\ WKH H[SHFWDWLRQ LQ  KDV WR EH FRQGLWLRQDO RQ ?WKH SDVW LQ RUGHU WR JHW
D PDUWLQJDOH VWUXFWXUH DOORZLQJ IRU WKH GHULYDWLRQ RI OLPLWLQJ GLVWULEXWLRQDO UHVXOWV RI
HVWLPDWRUV EDVHG RQ VL ,Q D SDUDPHWULF VHWWLQJ WKH RSWLPDO VFRUH IXQFWLRQ LV JLYHQ
E\ WKH GHULYDWLYH RI WKH FRQGLWLRQDO ORJOLNHOLKRRG IRU  $ =HVWLPDWRU A  EDVHG RQ





VLA   
8QGHU VXFLHQW UHJXODULW\ FRQGLWLRQV WKLV HVWLPDWRU LV DV\PSWRWLFDOO\ QRUPDO ZLWK
LQXHQFH IXQFWLRQ
'VL 
ZKHUH ' ( B VLD Q GB V LV WKH GHULYDWLYH RI V ZLWK UHVSHFW WR 2 E V H U Y H
' (VLB OL 
ZKHUH B OL GHQRWHV WKH GHULYDWLYH RI WKH FRQGLWLRQDO ORJOLNHOLKRRG IRU 7 K L VS U R S H U W \
LV ZHOONQRZQ IRU WKH RSWLPDO SDUDPHWULF VFRUH V   B O LQ ZKLFK FDVH 'L VW K H) L V K H U
LQIRUPDWLRQ $Q LPPHGLDWH FRQVHTXHQFH RI WKH + DMHN/H &DP FRQYROXWLRQ WKHRUHP
LV WKDW LQ PRGHOV WKDW DUH UHJXODU LQ WKH VHQVH WKDW WKH\ VDWLVI\ WKH /RFDO $V\PSWRWLF
1RUPDOLW\ SURSHUW\ /$1 RSWLPDO HVWLPDWRUV KDYH WKH LQXHQFH IXQFWLRQ  EDVHG
RQ V   B O
7KH DERYH DQDO\VLV LV E\ FRQVWUXFWLRQ D SDUDPHWULF RQH 7KH NH\ LGHD LQ D
VHPLSDUDPHWULF DQDO\VLV LV WR UHGXFH WKH VHPLSDUDPHWULF SUREOHP WR D VSHFLF ZHOO
FKRVHQ SDUDPHWULF RQH 7KLV VSHFLDO SDUDPHWULF PRGHO LV FDOOHG WKH OHDVWIDYRUDEOH
SDUDPHWULF VXEPRGHO FRPSDUH DOVR 1HZH\  )RU FRPSOHWHQHVV ZH UHSHDW WKH
DUJXPHQW KHUH )LUVW FRQVLGHU DQ DUELWUDU\ SDUDPHWULF VXEPRGHO RI WKH VHPLSDUD
PHWULF PRGHO XQGHU FRQVLGHUDWLRQ 2EYLRXVO\ VLQFH WKH LQIRUPDWLRQ IRU VWDWLVWLFDO
LQIHUHQFH GHFUHDVHV LI RQH HQODUJHV WKH PRGHO ORZHU ERXQGV RQ WKH DV\PSWRWLF EHKDY
LRU RI HVWLPDWRUV LQ WKH SDUDPHWULF VXEPRGHO DUH DOVR ORZHU ERXQGV IRU WKH EHKDYLRU
RI HVWLPDWRUV LQ WKH FRPSOHWH VHPLSDUDPHWULF PRGHO +HQFH WKH VXSUHPXP RIW K H
ORZHU ERXQGV RYHU WKH FODVV RI DOO SDUDPHWULF VXEPRGHOV DOVR JLYHV D ORZHU ERXQG IRU
WKH VHPLSDUDPHWULF PRGHO 7KH VHFRQG SUREOHP LV WR SURYH WKDW D JLYHQ ORZHU ERXQG
LV VKDUS 8VXDOO\ VKDUSQHVV RI D JLYHQ ERXQG LV SURYHG E\ SURYLGLQJ D VHPLSDUD
PHWULF HVWLPDWRU DWWDLQLQJ WKLV ERXQG +HQFH LI RQH QGV D SDUDPHWULF VXEPRGHO
DQG DQ HVWLPDWRU LQ WKH VHPLSDUDPHWULF PRGHO VXFK WKDW WKH ERXQG RI WKH SDUDPHW
ULF VXEPRGHO LV DWWDLQHG E\ WKH VHPLSDUDPHWULF HVWLPDWRU WKHQ WKH ERXQG LVV K D U S
DQG WKH HVWLPDWRU LV HFLHQW &RQVHTXHQWO\ WKH SDUWLFXODU SDUDPHWULF VXEPRGHO LV D
OHDVWIDYRUDEOH SDUDPHWULF VXEPRGHO
,Q RUGHU WR QG WKH OHDVWIDYRUDEOH VXEPRGHO D WHFKQLTXH EDVHG RQ WDQJHQW VSDFHV
K D VS U R Y H GW RE HY H U \X V H I X O V H H H  J  % L F N H OH WD O      R U9 D QG H U9 D D U W
,I RQH SDVVHV IURP D SDUDPHWULF PRGHO VD\ D PRGHO LQ ZKLFK WKH GHQVLW\ I RI WKH
LQQRYDWLRQV LV FRPSOHWHO\ NQRZQ WR D VHPLSDUDPHWULF PRGHO ZKHUH RQH VXSSRVHV
WKDW I LV XQNQRZQ WKHUH LV XVXDOO\ DQ HFLHQF\ ORVV 7KLV HFLHQF\ ORVV LV FDXVHG
E\ ORFDO FKDQJHV LQ WKH GHQVLW\ I WKDW FDQQRW EH GLVWLQJXLVKHG IURP ORFDO FKDQJHV LQ
WKH SDUDPHWHU RI LQWHUHVW / H WB O GHQRWH WKH VFRUH IXQFWLRQ IRU  LQ WKH SDUDPHWULF
PRGHO 7KH WDQJHQW VSDFH IRU I LV GHQHG DV WKH VSDFH JHQHUDWHG E\ DOO SRVVLEOH VFRUH
IXQFWLRQV WKDW FDQ EH REWDLQHG E\ FKDQJHV LQ WKH QRQSDUDPHWULF QXLVDQFH SDUDPHWHU
I 7KH OHDVWIDYRUDEOH SDUDPHWULF VXEPRGHO LQGXFHV D QXLVDQFH VFRUH LH DQ HOHPHQW
RI WKH WDQJHQW VSDFH WKDW LV FORVHVW WR WKH VFRUH B O LQGXFHG E\  7KLV QXLVDQFH
HOHPHQW LV E\ FRQVWUXFWLRQ WKH SURMHFWLRQ RI B O RQWR WKH WDQJHQW VSDFH 7KH UHVLGXDO
RI WKLV SURMHFWLRQ GHQHV WKH LQIRUPDWLRQ OHIW IRU HVWLPDWLQJ  RQFH I LV XQNQRZQ
7KLV UHVLGXDO LV FDOOHG WKH HFLHQW VFRUHIXQFWLRQ ,Q WKLV SDSHU ZH H[WHQG WKLV LGHD
WR WKH VLWXDWLRQ ZKHUH LQQRYDWLRQV DUH QRW OLNHO\ WR EH LLG DV LQ GXUDWLRQ PRGHOV
7KH NQRZQ SURFHGXUH IRU WLPH VHULHV PRGHOV ZLWK LLG LQQRYDWLRQV LV DGDSWHG WR
FRYHU VHYHUDO IRUPV RI GHSHQGHQFLHV ,Q 6HFWLRQ  ZH GHYHORS WKH QHFHVVDU\W K H R U \
OHDGLQJ WR WKH UHOHYDQW WDQJHQW VSDFHV DQG HFLHQW VFRUH IXQFWLRQV RI WKH SDUDPHWHUV
RI LQWHUHVW
7KH SDSHU
V RXWOLQH LV DV IROORZV ,Q 6HFWLRQ  ZH GLVFXVV GXUDWLRQ PRGHOV LQ WKHLU
JHQHUDO IRUP DQG ZH GHYHORS WKH VHPLSDUDPHWULF WKHRU\ DV GLVFXVVHG DERYH IRU WKH QRQ
LLG VHWWLQJ DW KDQG ([DPSOHV 6HFWLRQ  VKRZ KRZ FRPPRQ VSHFLFDWLRQV PD\
EH REWDLQHG 7KHVH VSHFLFDWLRQV LQFOXGH GLHUHQW DVVXPSWLRQV RQ WKH LQQRYDWLRQV
OLNH LLGQHVV RU D 0DUNRY W\SH DVVXPSWLRQ 7KH HVWLPDWLRQ SUREOHP LV FRQVLGHUHG
LQ 6HFWLRQ  :H FRQVLGHU WKH FRQVLVWHQF\ DQG HFLHQF\ RI SVHXGROLNHOLKRRG SUR
FHGXUHV DQG D FRQVWUXFWLRQ JHQHUDOO\ OHDGLQJ WR HFLHQW VHPLSDUDPHWULF HVWLPDWRUV
7KHVH VHPLSDUDPHWULF SURFHGXUHV SURYH WR EH VXSHULRU RYHU SVHXGROLNHOLKRRG SUR
FHGXUHV 6HFWLRQ  GLVFXVVHV WKH SURSHUWLHV RI WKH GXUDWLRQV REVHUYHG RQ WKH 3DULV
%RXUVH IRU WKH $OFDWHO VWRFN LQ -XO\$XJXVW  :H FKRRVH WKLV VDPSOH EHFDXVH LW
KDV EHHQ FRQVLGHUHG SUHYLRXVO\ LQ WKH OLWHUDWXUH VHH HJ *RXULHURX[ *K\VHOV DQG
-DVLDN  7R JLYH D SRVVLEOH H[SODQDWLRQ IRU WKH VHPLSDUDPHWULF HFLHQF\ JDLQV
REVHUYHG LQ 6HFWLRQ  ZH VWXG\ VRPH SDUDPHWULF H[WHQVLRQV RI WKH EDVLF $&' PRGHO
LQ 6HFWLRQ  7KHVH H[WHQVLRQV DUH FKRVHQ VXFK WKDW WKH\ H[KLELW VLPLODU GHSHQGHQ
FLHV DV ZH QG LQ WKH $OFDWHO GDWD 7KH VLPXODWLRQ VWXG\ LQ 6HFWLRQ  FRQUPV WKH
HPSLULFDO QGLQJV RI 6HFWLRQ  )LQDOO\ 6HFWLRQ  FRQWDLQV VRPH FRQFOXGLQJ UHPDUNV
7 K H $ & ' P R G H O
 7KH SDUDPHWULF $&' PRGHO
,Q WKLV SDSHU ZH IRFXV RQ WKH $XWRUHJUHVVLYH &RQGLWLRQDO 'XUDWLRQ $&' PRGHO DV
LQWURGXFHG LQ (QJOH DQG 5XVVHOO  6XSSRVH WKDW ZH REVHUYH GXUDWLRQV [[ Q
7KHVH [
V UHSUHVHQW WKH WLPH HODSVHG EHWZHHQ WZR HYHQWV HJ WUDQVDFWLRQV RI VRPH
DVVHW /HW )L GHQRWH WKH LQIRUPDWLRQ DYDLODEOH IRU PRGHOLQJ [L[ L: HZ L O OV H W
)L    [L[ L[  EXW LW LV YHU\ ZHOO SRVVLEOH WR LQFOXGH H[RJHQRXV YDULDEOHV LQ
)L 7KH NH\ LQJUHGLHQW LQ WKH $&' PRGHO LV WKH FRQGLWLRQDO PHDQ GXUDWLRQ WLPH
( I[LM)LJ   ¥L 
,Q LWV VLPSOHVW IRUP WKH IRUPXODWLRQ RI WKH $&' PRGHO LV FRPSOHWHG E\ VWLSXODWLQJ
HJ
,3 I[L  [M)LJ   )[ ¥L 
¥L     [L  ¥L 
ZKHUH ) GHQRWHV D SDUWLFXODU GLVWULEXWLRQ IXQFWLRQ RU D SDUDPHWULF VHW RI GLVWULEXWLRQ
IXQFWLRQV RQ WKH SRVLWLYH KDOIOLQH ,Q WKLV FDVH WKH SDUDPHWHU RI SULPH LQWHUHVW LV
   7 ,Q LWV RULJLQDO SDUDPHWULF VHWWLQJ VWDQGDUG FKRLFHV RI ) LQFOXGH
WKH H[SRQHQWLDO GLVWULEXWLRQ DQG DV DQ H[WHQVLRQ WKH *DPPD DQG ORJQRUPDO RU
:HLEXOO GLVWULEXWLRQV 7KH GLVWULEXWLRQ ) KDV WR EH QRUPDOL]HG WR KDYH H[SHFWDWLRQ
RQH LQ RUGHU WR LGHQWLI\ WKH FRQVWDQW LQ WKH VSHFLFDWLRQ RI ¥L, I) LV QRW VSHFLHG
SDUDPHWULFDOO\ ZH REWDLQ D VHPLSDUDPHWULF PRGHO 7KH PRGHO  LV LPSOLFLWO\
EDVHG RQ XQGHUO\LQJ LLG LQQRYDWLRQV ,W LV QRW GLFXOW WR VHH WKDW  LV HTXLYDOHQW
WR VD\LQJ WKDW L   [L ¥L GHQHV D VHTXHQFH RI LLG SRVLWLYH UDQGRP YDULDEOHV HDFK
ZLWK GLVWULEXWLRQ IXQFWLRQ )
7KH DERYH PRGHO LQFOXGLQJ YDULRXV H[WHQVLRQV LV LQWURGXFHG E\ (QJOH DQG 5XV
VHOO  DQG KDV EHHQ VWXGLHG DV ZHOO LQ (QJOH  WRJHWKHU ZLWK D PRGHOLQJ RI
SULFHV 7KHVH SDSHUV H[SOLFLWO\ UHFRJQL]H WKH IDFW WKDW WKH LQGHSHQGHQFH DVVXPSWLRQ
LQ  LPSOLHV WKDW DOO WHPSRUDO GHSHQGHQFH EHWZHHQ GXUDWLRQV LV VXSSRVHG WR EH
FDSWXUHG E\ WKH FRQGLWLRQDO PHDQ GXUDWLRQ IXQFWLRQ ¥L ,Q WKDW FDVH VHYHUDO SDUD
PHWULF DQG QRQSDUDPHWULF VSHFLFDWLRQV RI WKH GLVWULEXWLRQ RI WKH LQQRYDWLRQV ) DUH
VWXGLHG ,Q WKLV SDSHU ZH UHOD[ WKH DVVXPSWLRQ RI LQGHSHQGHQW LQQRYDWLRQV 7KH
JHQHUDO PRGHO LV VSHFLHG LQ WKH QH[W VHFWLRQ DQG DQDO\]HG VXEVHTXHQWO\
 7KH VHPLSDUDPHWULF $&' PRGHO
2IWHQ WKH VWURQJ LLG DVVXPSWLRQ  LV FRQVLGHUHG WR EH XQVXLWDEOH DQG RQH ZRXOG
OLNH WR UHOD[ LW ,Q RXU VSHFLFDWLRQ WKLV LV HTXLYDOHQW WR DOORZLQJ ) WR EH GHSHQGHQW
7KLV LV EHFDXVH WKH GHULYDWLRQV WKDW IROORZ DUH LQGHSHQGHQW RI WKH SDUDPHWULF IRUP RI WKH FRQ
GLWLRQDO GXUDWLRQ ¥L GHQHG LQ 
RQ WKH SDVW DV ZHOO ,I LW LV XQNQRZQ LQ ZKDW ZD\ ) VKRXOG GHSHQG RQ WKH SDVW D
VHPLSDUDPHWULF DSSURDFK VHHPV WR EH WKH PRVW UHDVRQDEOH RQH :H DVVXPH WKDWR Q H
LV ZLOOLQJ WR GHQH D VHW RI YDULDEOHV WKDW PD\ LQXHQFH ) DQG ZH ZLOO VHH WKDW WKH
DFWXDO FKRLFH RI WKHVH YDULDEOHV LQXHQFHV WKH VHPLSDUDPHWULF DQDO\VLV ,Q FRPSOHWH
JHQHUDOLW\ ZH DVVXPH WKDW , 3IL  M)LJ LV +LPHDVXUDEOH ZKHUH +L ) L
6R WKH UHVWULFWHG LQIRUPDWLRQ VHW +L RI WKH IXOO LQIRUPDWLRQ VHW )L GHQHV WKH
UHOHYDQW SDVW YDULDEOHV WR EH XVHG DV SDUDPHWHUV LQ WKH FRQGLWLRQDO GLVWULEXWLRQ RI WKH
LQQRYDWLRQV L $V ZH ZLOO VHH WKH VLWXDWLRQ ZKHUH +L LV VWULFWO\ VPDOOHU WKDQ )L
LV ERWK FRPPRQ DQG UHOHYDQW :H GR QRW DVVXPH WKDW +L IRUPV D OWUDWLRQ LH
+L LV QRW QHFHVVDULO\ LQFOXGHG LQ +L
)RUPDOO\ RXU VHPLSDUDPHWULF PRGHO LV QRZ GHVFULEHG E\  DQG
/[L ¥LM)L /[L ¥LM+LD  V  
2 Q HP D \F K R R V HW K HV S H F L  F D W L R Q    R I¥L EXW RWKHU FKRLFHV OLNH WKH RQHV LQ
(QJOH  GR QRW FKDQJH WKH DUJXPHQWV SUHVHQWHG EHORZ :ULWLQJ L   [L ¥LZ H
FOHDUO\ KDYH IURP  WKDW (ILM)LJ    7KH FKRLFH RI WKH UHVWULFWHG LQIRUPDWLRQ
VHW +L IRUPDOL]HV WKH GHSHQGHQFH DPRQJ WKH LQQRYDWLRQV L
$ PRGHO ZLWK LQGHSHQGHQW LQQRYDWLRQV FDQ EH REWDLQHG E\ WDNLQJ +L HTXDO WR WKH
WULYLDO VLJPDHOG 7KHUH DUH WZR RWKHU LPSRUWDQW FDVHV ,I RQH FKRRVHV +L   )LR Q H
OHDYHV WKH GHSHQGHQFH VWUXFWXUH RI WKH L FRPSOHWHO\ XQUHVWULFWHG ,Q PRUH IDPLOLDU
WHUPV WKLV ZRXOG OHDG WR D PRGHO WKDW LV VROHO\ FKDUDFWHUL]HG E\ WKH PRPHQW FRQGLWLRQ
 2QH FRXOG DOVR VHW +L    L ,Q WKDW FDVH WKH FRQGLWLRQDO GLVWULEXWLRQ RI L
JLYHQ WKH SDVW PD\ RQO\ GHSHQG RQ L 7KLV LQGXFHV D 0DUNRY DVVXPSWLRQ RQ WKH
LQQRYDWLRQV 2I FRXUVH WKHUH DUH PDQ\ PRUH SRVVLELOLWLHV 7KH WKHRUHWLFDO GHULYDWLRQV
LQ WKH UHVW RI WKLV SDSHU DUH EDVHG RQ D JHQHUDO VSHFLFDWLRQ ZLWK DQ DUELWUDU\ FKRLFH
RI +L DQG ZH ZLOO VSHFLDOL]H WR WKH DERYH PHQWLRQHG FKRLFHV LQ RUGHU WR SRLQW RXW WKHLU
GLHUHQFHV IURP DQ HVWLPDWLRQ SRLQW RI YLHZ LQ 6HFWLRQ 
,Q RUGHU WR GHULYH HFLHQF\ ERXQGV LQ WKH VHPLSDUDPHWULF PRGHO GHVFULEHG E\ 
DQG  ZLWK DQ DUELWUDU\ VSHFLFDWLRQ RI WKH FRQGLWLRQDO H[SHFWHG GXUDWLRQ ¥L
DQG +L ZH IROORZ WKH VWHSV DV VHW RXW LQ WKH LQWURGXFWLRQ /HW  GHQRWH WKH
(XFOLGHDQ SDUDPHWHU RI LQWHUHVW GHVFULELQJ WKH IXQFWLRQDO IRUP RI WKH FRQGLWLRQDO
PHDQ GXUDWLRQ ¥L IRU H[DPSOH    7 LQ  :ULWH IL IRU WKH GHQVLW\
DVVRFLDWHG ZLWK /LM+L :H DVVXPH WKDW IL DGPLWV D 5DGRQ1LNRG\P GHULYDWLYH
I
L 5HJXODULW\ FRQGLWLRQV XQGHU ZKLFK WKH UHVXOWV WR EH SUHVHQWHG EHORZ KROGD U H
VWDQGDUG LQ WKH VHPLSDUDPHWULF
V OLWHUDWXUH VHH HJ %LFNHO HW DO  6HFWLRQ 
RU 'URVW .ODDVVHQ DQG :HUNHU  6HFWLRQ 




















7R REWDLQ WKH HFLHQW VFRUH IXQFWLRQ LQ WKH VHPLSDUDPHWULF PRGHO LQ ZKLFK WKH FRQ
GLWLRQDO GHQVLW\ IL UHPDLQV XQVSHFLHG ZH QHHG WR FDOFXODWH WKH SURMHFWLRQ RI WKH
VFRUH B OL RQ WKH WDQJHQW VSDFH JHQHUDWHG E\ WKH QXLVDQFH IXQFWLRQ IL$ VL VD U J X H G
EHORZ DORQJ WKH JHQHUDO OLQHV RI HJ %LFNHO HW DO  WKLV WDQJHQW VSDFH 7LL V
JHQHUDWHG E\ DOO VFRUH IXQFWLRQV KLI R UZ K L F K 
KL + L 
 ( IKLLM+ LJ  
=

KLG, 3IL  M+LJ 
 ( ILKLLM+ LJ  
=

KLG, 3IL  M+LJ 
&RQGLWLRQ  IROORZV IURP WKH IDFW WKDW IL LV NQRZQ WR GHSHQG RQ +L RQO\
VR WKDW VFRUHV REWDLQHG E\ ORFDO FKDQJHV LQ IL DOVR GHSHQG RQ +L RQO\ &RQGL
WLRQ  LV WKH VWDQGDUG FRQVWUDLQW LQ WDQJHQW VSDFH FDOFXODWLRQV IROORZLQJ IURP WKH
IDFW WKDW GHQVLWLHV E\ GHQLWLRQ LQWHJUDWH WR RQH ,Q PRUH FODVVLFDO WHUPV LW UHSUHVHQWV
WKH FRQGLWLRQ WKDW H[SHFWDWLRQV RI VFRUH IXQFWLRQV DUH DOZD\V ]HUR FRPSDUH 
)LQDOO\ FRQGLWLRQ  UHVXOWV IURP WKH PRPHQW UHVWULFWLRQ (ILM)LJ    7 K H
DUJXPHQW LV DV IROORZV /RFDO FKDQJHV LQ IL UHSUHVHQWHG E\ WKH VFRUH KL LQGXFH
D FKDQJH LQ WKH UVW FRQGLWLRQDO PRPHQW RI
5
 KLG, 3IL  M+LJ +RZHYHU
WKLV PRPHQW LV UHVWULFWHG WR EH RQH E\ FRQGLWLRQ  7KHUHIRUH WKH FKDQJH PXVW
DOZD\V EH ]HUR RWKHUZLVH RQH ZRXOG QRW UHPDLQ LQ WKH VSHFLHG PRGHO :LWK WKHVH
LQJUHGLHQWV ZH DUH UHDG\ WR VWDWH WKH NH\ SURSRVLWLRQ SURYLGLQJ WKH ORZHU ERXQG IRU
HVWLPDWLRQ RI WKH SDUDPHWHUV LQ ¥L RI WKH JHQHUDO VHPLSDUDPHWULF PRGHO GHVFULEHG
E\  DQG 
3URSRVLWLRQ  ,Q WKH VHPLSDUDPHWULF PRGHO GHVFULEHG E\  DQG  WKH SUR
MHFWLRQ RI WKH VFRUH IXQFWLRQ B OL LQ  RQ WKH WDQJHQW VSDFH 7L GHQHG E\ 



















    +L

 
3URRI )LUVW RI DOO QRWH WKDW WKH SURSRVHG SURMHFWLRQ  LQGHHG EHORQJV WR WKH
WDQJHQW VSDFH 7L VLQFH LW VDWLVHV FRQGLWLRQV ^ 6HFRQGO\ WKH UHVLGXDO RI
WKH SURSRVHG SURMHFWLRQ RI B OL FDQ EH ZULWWHQ DV
B O

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
:H VKRZ WKDW ERWK WHUPV DW WKH ULJKWKDQG VLGH DUH RUWKRJRQDO WR WKH WDQJHQW VSDFH
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! ! 

)URP HTXDWLRQV  DQG  ZH VHH WKDW WKH ODWWHU WHUP HTXDOV ]HUR SURYLQJ WKH
GHVLUHG RUWKRJRQDOLW\
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ZKHUH WKH ODVW HTXDOLW\ IROORZV IURP  ,W LV HDVLO\ VHHQ WKDW WKLV H[SUHVVLRQ HTXDOV
]HUR 7KLV FRPSOHWHV WKH SURRI RI WKH SURSRVLWLRQ 2
$V PHQWLRQHG EHIRUH WKH UHVLGXDO  RI WKH SURMHFWLRQ  LV WKH HFLHQW
VFRUH IXQFWLRQ ZKLFK ZH GHQRWH B O
L 2SWLPDO VHPLSDUDPHWULF HVWLPDWRUV PXVW EH
EDVHG RQ WKLV VFRUHIXQFWLRQ +RZHYHU  FDQQRW EH XVHG GLUHFWO\ VLQFH LW GH
SHQGV RQ WKH XQNQRZQ GHQVLW\ IL DQG RQ (IG GORJ¥LM+LJ ,Q 6HFWLRQ 
ZH GLVFXVV KRZ WR HVWLPDWH IL DQG (IG GORJ¥LM+LJ L QR U G H UW RJ H WDV H P L 
SDUDPHWULFDOO\ HFLHQW HVWLPDWRU RI 
$GDSWLYHQHVV RFFXUV E\ GHQLWLRQ LQ FDVH WKH HFLHQWVFRUH IXQFWLRQ  HTXDOV
WKH SDUDPHWULF VFRUH IXQFWLRQ  7KXV DGDSWLYHQHVV PHDQV WKDW WKH SURMHFWLRQ RI
WKH SDUDPHWULF VFRUH RQ WKH WDQJHQW VSDFH LV ]HUR ,Q WKDW FDVH WKHUH LV DV\PSWRWL
FDOO\ DV PXFK LQIRUPDWLRQ LQ WKH VHPLSDUDPHWULF PRGHO DV LQ WKH SDUDPHWULFP R G H O
IRU HVWLPDWLQJ  WKH SDUDPHWULF VFRUH DQG WKH VHPLSDUDPHWULFDOO\ HFLHQW VFRUH FR
LQFLGH ,Q WKH $&' PRGHO  ZH KDYH ¥L !  ZKLFK IRU WKDW VSHFLFDWLRQ LPSOLHV









8VH G GORJ¥L ¥

L G G¥L DQG G G¥L   G G¥L  [ L¥ L7





 F H[S F !  
+HQFH DGDSWLYHQHVV RFFXUV LI DQG RQO\ LI WKH FRQGLWLRQDO LQQRYDWLRQ
V GLVWULEXWLRQ
LV RI WKH *DPPD W\SH UHVFDOHG WR KDYH H[SHFWDWLRQ  $ VLPLODU UHVXOW KDV EHHQ
REWDLQHG IRU ORFDWLRQ PRGHOV ZKHUH DGDSWLYHQHVV RFFXUV IRU WKH QRUPDO GLVWULEXWLRQ
DQG V\PPHWUL]HG VTXDUHURRWV RI ¤GLVWULEXWLRQV VHH *RQ]DOH]5LYLHUD  ,Q
RXU VFDOH FDVH ZH KDYH DGDSWLYHQHVV IRU WKH H[SRQHQWLDO DQG *DPPDGLVWULEXWLRQV
7KH SUDFWLFDO FRQVHTXHQFH RI VXFK D UHVXOW LV RI FRXUVH OLPLWHG VLQFH WKH ERXQG LV
FDOFXODWHG LQ D PRGHO WKDW GRHV QRW PDNH DQ\ GLVWULEXWLRQDO DVVXPSWLRQV
,W LV ZHOONQRZQ WKDW GHQVLWLHV DW ZKLFK DGDSWLYHQHVV RFFXUV DUH RIWHQ DOVR WKH
GHQVLWLHV IRU ZKLFK WKH SVHXGR PD[LPXP OLNHOLKRRG HVWLPDWRU 30/( LV FRQVLVWHQW
VHH HJ %LFNHO  7KLV VKRZV WKDW D 30/( W\SH HVWLPDWRU LV FRQVLVWHQW LI DQG
RQO\ LI LW LV EDVHG RQ D *DPPD GLVWULEXWLRQ 6LQFH IRU WKHVH GHQVLWLHV I IL V
DOZD\V SURSRUWLRQDO WR  WKH REWDLQHG 30/( HVWLPDWRUV DUH LQ IDFW LGHQWLFDO DQG
WKH UHVXOWLQJ 30/( LV SXUHO\ EDVHG RQ WKH PRPHQW FRQGLWLRQ  7KH HVWLPDWRU
WKXV REWDLQHG LV FRQVLVWHQW LQ WKH IXOO VHPLSDUDPHWULF PRGHO ,Q 6HFWLRQ  ZH
ZLOO VHH WKDW WKH 30/( LV RQO\ VHPLSDUDPHWULFDOO\ HFLHQW XQGHU YHU\ UHVWULFWLYH
FRQGLWLRQV $Q DOWHUQDWLYH HVWLPDWRU WKDW LV VHPLSDUDPHWULFDOO\ HFLHQW LQ WKH PRGHO
XQGHU FRQVLGHUDWLRQ LV JLYHQ LQ 6HFWLRQ 
7KH LQIRUPDWLRQ IRU HVWLPDWLQJ  LQ WKH SDUDPHWULF PRGHO LV JLYHQ E\ WKH YDULDQFH

























7KH LQIRUPDWLRQ ORVV RI WKH VHPLSDUDPHWULF PRGHO ZLWK UHVSHFW WR WKH SDUDPHWULF



























1RWH WKDW WKH LQIRUPDWLRQ ORVV LV LQGHHG ]HUR DGDSWLYHQHVV LI DQG RQO\ LI WKH FRQGL

















ZLWK HTXDOLW\ LI DQG RQO\ LI IL LV RI WKH IRUP  7KH LQIRUPDWLRQ LQ WKH VHPL
SDUDPHWULF PRGHO LV JLYHQ E\ WKH YDULDQFH RI WKH UHVLGXDO RI WKH SURMHFWLRQ ZKLFK E\












































:H FRQVLGHU WKH HFLHQF\ FDOFXODWLRQV LQ PRUH GHWDLO LQ IRXU VSHFLF PRGHOV
([DPSOH  >LLG LQQRYDWLRQV@ ,Q FDVH WKH UHVWULFWHG LQIRUPDWLRQ VHW +L LV WKH
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LV D YHFWRU RI FRQVWDQWV
7KLV LPSOLHV WKDW DOO FRPSRQHQWV RI WKH SURMHFWLRQ  JHQHUDWH WKH VDPH GLUHFWLRQ
LQ WKH WDQJHQW VSDFH 7L $GDSWLYHQHVV LQ VXFK PRGHOV LV ZHOO VWXGLHG VHH 'URVW
.ODDVVHQ DQG :HUNHU 
([DPSOH  >0DUNRY LQQRYDWLRQV@ ,Q D WUXH 0DUNRY VHWWLQJ RI WKH LQQRYDWLRQV
RQH ZRXOG WDNH +L    L 7KH HFLHQW VFRUH  GRHV QRW VLPSOLI\ LQ WKLV 0DUNRY
FDVH 7KHUHIRUH JHQHUDO VWDWHPHQWV DUH GLFXOW WR PDNH LQ WKLV VHWWLQJ
([DPSOH  $Q LPSRUWDQW VLPSOLFDWLRQ LQ WKH HFLHQW VFRUH IXQFWLRQ LV REWDLQHG
LI +L FRQWDLQV GORJ¥L GL  H  +L    GORJ¥L G ,Q WKDW FDVH WKH VHFRQG






,Q WKLV H[SUHVVLRQ WKH FRQGLWLRQDO GHQVLW\ IL HQWHUV RQO\ WKURXJK YDUILM+LJ
7KLV VKRZV WKDW WKH VHPLSDUDPHWULFDOO\ HFLHQW HVWLPDWRU RI  LV WKH PRPHQW HVWL






1RWH WKDW RXU JHQHUDO VHPLSDUDPHWULF DSSURDFK VKRZV WKDW LQ WKH SUHVHQW H[DPSOH
WKH RSWLPDO VHPLSDUDPHWULF HVWLPDWRU LV D PRPHQW HVWLPDWRU :H GLG QRW OLPLW
DWWHQWLRQ WR PRPHQW HVWLPDWRUV D SULRUL
([DPSOH  >PRPHQW FRQGLWLRQ@ & R Q V L G H UW K HF D V HZ K H U H+L   )L 7KHQ
WKH HFLHQW VFRUH IXQFWLRQ LV DV LQ WKH SUHYLRXV H[DPSOH H[FHSW WKDW LQ WKLVF D V H
YDUILM+LJ   YDUILM)LJ $JDLQ WKH RSWLPDO HVWLPDWRU LV D PRPHQW HVWLPDWRU
ZLWK DERYH PHQWLRQHG LQVWUXPHQWV DQG ZHLJKWLQJ PDWUL[ 7KH HFLHQW VFRUH GRHV
QRW DOWHU LI RQH HQODUJHV WKH PRGHO RI ([DPSOH  WR D PRGHO LQ ZKLFK QR DGGLWLRQDO
VWUXFWXUH LV LPSRVHG 2QH PD\ DOVR WXUQ WKLV DUJXPHQW DURXQG 6WDUWLQJ IURPD
PRGHO ZKLFK LV VROHO\ FKDUDFWHUL]HG E\ WKH UHODWLRQ  QR VWDWLVWLFDO LQIRUPDWLRQ
LV DGGHG LI RQH LPSRVHV WKDW WKH FRQGLWLRQDO GLVWULEXWLRQ RI WKH LQQRYDWLRQV JLYHQ WKH
SDVW )L LV GHWHUPLQHG E\ GORJ ¥L G DORQH ,Q WKDW VHQVH DGDSWLYHQHVV RFFXUV
EHWZHHQ WKHVH WZR VLWXDWLRQV +RZHYHU WKH FRQVWUXFWLRQ RI HFLHQW HVWLPDWRUV LV
PXFK VLPSOHU LQ FDVH WKH UHVWULFWHG LQIRUPDWLRQ VHW +L LV QRW WRR ODUJH 7KHUHIRUH
IURP D SUDFWLFDO SRLQW RI YLHZ DOWHUQDWLYH VSHFLFDWLRQV RI WKH UHVWULFWHG LQIRUPDWLRQ
VHW +LO L N HW K HR Q HZ HX V HL Q6 H F W L R Q D U HU H O H Y D Q W 
 (VWLPDWLRQ LQ VHPLSDUDPHWULF $&' PRGHOV
 3VHXGROLNHOLKRRG SURFHGXUHV
7KH PRVW EDVLF $&' PRGHOV DVVXPH WKDW LQQRYDWLRQV DUH LLG DQG H[SRQHQWLDOO\
GLVWULEXWHG 7KLV DVVXPSWLRQ KDV EHHQ HDVLO\ UHMHFWHG LQ VHYHUDO VWXGLHV VHH HJ
(QJOH DQG 5XVVHOO  RU (QJOH  EXW LW FDQ EH XVHG LQ D SVHXGROLNHOLKRRG






,Q YLHZ RI  WKH DERYH VFRUH FOHDUO\ VDWLVHV WKH VFRUHFRQGLWLRQ  &RQVH
TXHQWO\ WKH SVHXGROLNHOLKRRG HVWLPDWRU EDVHG RQ LLG H[SRQHQWLDO LQQRYDWLRQV \LHOGV
FRQVLVWHQW HVWLPDWRUV XQGHU VWDQGDUG UHJXODULW\ FRQGLWLRQV +RZHYHU WKLV HVWLPDWRU
LV RQO\ HFLHQW XQGHU IDLUO\ UHVWULFWLYH FRQGLWLRQV WKDW DUH GLVFXVVHG DW WKH HQG RI WKH
FXUUHQW VHFWLRQ
2QH PLJKW FRQVLGHU HQODUJLQJ WKH GLVWULEXWLRQDO FODVV RI WKH LQQRYDWLRQV LQ RUGHU
WR DFFRPPRGDWH WKH PLVVSHFLFDWLRQ LQ WKH H[SRQHQWLDO GHQVLW\ +RZHYHU VXFK DQ
HQODUJHPHQW PD\ KDYH XQGHVLUDEOH FRQVHTXHQFHV DV ZH ZLOO VHH VKRUWO\ 7ZR FODVVHV
DUH ZLGHO\ XVHG LQ WKH OLWHUDWXUH WKH *DPPD DQG WKH ORJQRUPDO GLVWULEXWLRQV ,Q
ERWK VSHFLFDWLRQV RQH DGGHG SDUDPHWHU PDNHV WKH H[SRQHQWLDO GLVWULEXWLRQ PRUH
H[LEOH









    L
7KXV D SVHXGROLNHOLKRRG SURFHGXUH EDVHG RQ WKLV *DPPD GLVWULEXWLRQ \LHOGV D VFRUH
IXQFWLRQ WKDW LV SURSRUWLRQDO WR  7KHUHIRUH WKH HVWLPDWRU REWDLQHGL VL G H Q W L F D O
WR WKH RQH REWDLQHG IURP DQ H[SRQHQWLDO SVHXGROLNHOLKRRG SURFHGXUH 7KH ?H[WHQ
VLRQ WR *DPPD GLVWULEXWLRQV LV WKXV YRLG DV IDU DV D SVHXGROLNOLKRRG SURFHGXUH LV
FRQFHUQHG 2I FRXUVH LQ D SDUDPHWULF VHWWLQJ D *DPPD GLVWULEXWLRQ SURYLGHV D PRUH
H[LEOH ZD\ WR W WKH UHVLGXDOV WKDQ WKH H[SRQHQWLDO GLVWULEXWLRQ
$ VHFRQG SRSXODU FODVV RI GLVWULEXWLRQV LV WKH ORJQRUPDO FODVV 7KH GHQVLW\ RI WKH
QRUPDOL]HG ORJQRUPDO GLVWULEXWLRQ GHQRWHG /1



















+RZHYHU WKH VFRUHIXQFWLRQ  GRHV QRW VDWLVI\ WKH VFRUHFRQGLWLRQ  LQ WKH
IXOO VHPLSDUDPHWULF PRGHO DV GHQHG E\  DQG  7KHUHIRUH SVHXGROLNHOLKRRG
HVWLPDWRUV LQ WKH $&' PRGHO EDVHG RQ ORJQRUPDO GLVWULEXWLRQV ZLOO EH LQFRQVLVWHQW
6LPLODUO\ SVHXGROLNHOLKRRG SURFHGXUHV EDVHG RQ RWKHU SDUDPHWULF FODVVHV RI GLVWULEX
WLRQV OLNH WKH :HLEXOO GLVWULEXWLRQV ZLOO JHQHUDOO\ \LHOG LQFRQVLVWHQW HVWLPDWHV )RU
WKH :HLEXOO GLVWULEXWLRQV WKLV UHVXOW PD\ VHHP FRXQWHULQWXLWLYH VLQFH WKH H[SRQHQWLDO
GLVWULEXWLRQ LV LQ WKH :HLEXOO FODVV +RZHYHU WKH LQFRQVLVWHQF\ RI WKH :HLEXOOEDVHG
30/( IROORZV IURP WKH IDFW WKDW WKH VFRUHFRQGLWLRQ  GRHV QRW KROG LQ WKDW FDVH
IRU WKH IXOO VHPLSDUDPHWULF PRGHO
6XPPDUL]LQJ WKH H[SRQHQWLDO GLVWULEXWLRQ LV HVVHQWLDOO\ WKH RQO\ SVHXGRGLVWULEXWLRQ
IRU ZKLFK WKH 30/( SURYLGHV FRQVLVWHQW HVWLPDWHV RI WKH $&' SDUDPHWHUV LQ VHPL
SDUDPHWULF VHWWLQJV +RZHYHU WKLV H[SRQHQWLDO 30/( LV RQO\ VHPLSDUDPHWULFDOO\
HFLHQW XQGHU YHU\ UHVWULFWLYH DVVXPSWLRQV ,QGHHG WKH H[SRQHQWLDO 30/(L VV H P L 
SDUDPHWULFDOO\ HFLHQW LI DQG RQO\ LI  LV SURSRUWLRQDO WR WKH HFLHQW VFRUH 
6LQFH LQ RUGHU WR DFKLHYH JHQHUDO HFLHQF\ WKLV KDV WR KROG DW DOO IL ZH QG
WKDW WKH H[SRQHQWLDO 30/( LV HFLHQW LI DQG RQO\ LI G GORJ¥L EHORQJV WR +L
DQG YDUILM+LJ LV GHJHQHUDWH 5HOD[LQJ WKH SVHXGRGLVWULEXWLRQDO DVVXPSWLRQV LQ
D 30/( VHWWLQJ PD\ VSRLO WKH FRQVLVWHQF\ RI WKH H[SRQHQWLDO SVHXGROLNHOLKRRG SUR
FHGXUH 7KLV KROGV HYHQ LI WKH UHOD[DWLRQ LQFOXGHV WKH H[SRQHQWLDO DV D VSHFLDO FDVH
:KLOH WKHUH DUH PDQ\ RWKHU H[DPSOHV RI WKLV HHFW LQ WKH OLWHUDWXUH LW LV RIWHQ RYHU
ORRNHG 7KHVH FRQVLGHUDWLRQV FRQUP WKH DGDSWLYHQHVV UHVXOWV EHORZ 
 &RQVWUXFWLRQ RI HFLHQW VHPLSDUDPHWULF HVWLPDWRUV
$V ZH KDYH VHHQ WKH RIWHQXVHG 30/( GRHV QRW SURGXFH HFLHQW HVWLPDWRUV LQ WKH
VHPLSDUDPHWULF $&' PRGHO ,I RQH GRHV QRW XVH DQ H[SRQHQWLDO SVHXGRGHQVLW\ WKH
30/( PD\ QRW HYHQ EH FRQVLVWHQW ,Q RUGHU WR REWDLQ VHPLSDUDPHWULFDOO\ HFLHQW
HVWLPDWRUV ZH IROORZ VWDQGDUG OLQHV WKDW ZH EULH\ RXWOLQH KHUH 7KH LQWHUHVWHG
UHDGHU LV UHIHUUHG WR %LFNHO HW DO  7KHRUHP  DQG 3URSRVLWLRQ  RU
'URVW .ODDVVHQ DQG :HUNHU  7KHRUHP 
7KH LGHD LV WR LPSURYH DQ DUELWUDU\ JLYHQ
S
QFRQVLVWHQW HVWLPDWRU WRZDUGV DQ
HFLHQW HVWLPDWRU /HW a Q GHQRWH WKLV DUELWUDU\
S
QFRQVLVWHQW HVWLPDWRU IRU H[DPSOH
WKH H[SRQHQWLDO 30/( RI 6HFWLRQ  ,Q SULQFLSOH WKH HVWLPDWRU QHHGV DOVRW RE H
GLVFUHWL]HG LQ WKH VHQVH WKDW IRU HDFK 0! WKH QXPEHU RI HOHPHQWV LQ I    
a QI R UV R P H  D Q G
S
QMa Q  M 0 J UHPDLQV ERXQGHG DV Q  Z K H U H
 GHQRWHV WKH WUXH YDOXH RI WKH SDUDPHWHU :KLOH WKHRUHWLFDOO\ WKLV GLVFUHWL]DWLRQ
VLPSOLHV SURRIV LW LV XVXDOO\ QRW UHTXLUHG LQ DSSOLFDWLRQV ,Q D SDUDPHWULF FRQWH[W
ZKHUH WKH IXQFWLRQDO IRUP RI IL LV NQRZQ DQ HFLHQW HVWLPDWRU LV REWDLQHG IURP D
RQHVWHS 1HZWRQ5DSKVRQ LPSURYHPHQW












B OLa Q 




































,Q WKH VHPLSDUDPHWULF PRGHO D VLPLODU SURFHGXUH LV IROORZHG 7KH SDUDPHWULF
VFRUH IXQFWLRQ B OL LQ  KDV WR EH UHSODFHG E\ WKH VHPLSDUDPHWULFDOO\ HFLHQW VFRUH
IXQFWLRQ B O
L  +HUH WKH XQNQRZQ FRQGLWLRQDO GHQVLWLHV DQG H[SHFWDWLRQV QHHG
WR EH FRQVLVWHQWO\ HVWLPDWHG E\ QRQSDUDPHWULF PHWKRGV 7KH H[DFW HVWLPDWLRQ SURFH
GXUH LV LUUHOHYDQW DV ORQJ DV WKH HVWLPDWRUV DUH FRQVLVWHQW LQ LQWHJUDWHG PHDQVTXDUH
VHQVH ,Q 6HFWLRQV  DQG  ZH XVH NHUQHO GHQVLW\ HVWLPDWRUV DQG 1DGDUD\D:DWVRQ
UHJUHVVLRQ HVWLPDWRUV 7KH GHQVLW\ RI WKH UHVLGXDOV LV JHQHUDOO\ VSHDNLQJ *DPPD
VKDSHG 7KHUHIRUH ZH GHFLGHG WR XVH ORFDO EDQGZLGWK FKRLFHV LQ WKH NHUQHO HVWLPD
WRUV 7R EH SUHFLVH DERXW WKH SURFHGXUH ZH FKRRVH WKH ORFDO EDQGZLGWK VXFK WKDW
WKH FODVVLFDO EDQGZLGWK Q  LV REWDLQHG XQGHU WKH XQLIRUP GLVWULEXWLRQ 7KHUHIRUH
IRU HDFK LQQRYDWLRQ ZH WDNH RI WKH RUGHU RI Q  QHDUHVW QHLJKERUV LQWR DFFRXQW WR
HVWLPDWH WKH GHQVLW\ 7KLV QHDUHVW QHLJKERU UXOH JXDUDQWHHV WKDW WKH EDQGZLGWK ZLOO
EH VPDOOHU LQ UHJLRQV ZKHUH WKH GHQVLW\ LV ODUJHU )RU ELYDULDWH GHQVLW\ HVWLPDWLRQ
WKH UDWH Q  LV UHSODFHG E\ Q 
7KH LGHD RI D RQHVWHS LPSURYHPHQW XVLQJ DQ HVWLPDWHG HFLHQW VFRUH IXQFWLRQ LV
UDWKHU ROG ,QWXLWLYHO\ WKH HVWLPDWRU a Q E U L Q J V\ R XL QD
S
QQHLJKERUKRRG RI WKH WUXH
YDOXH  7KHQ LQ RUGHU WR REWDLQ D ORFDOO\ DQG DV\PSWRWLFDOO\ HFLHQW HVWLPDWRU











7KH ORFDO *DXVVLDQ EHKDYLRU RI WKH PRGHO IROORZLQJ IURP WKH /$1 SURSHUW\L P S O L H V
WKDW WKH ORJOLNHOLKRRG LV DSSUR[LPDWHO\ TXDGUDWLF 7KH HVWLPDWRU A Q LV WKHQ WKH
PD[LPXP OLNHOLKRRG HVWLPDWRU REWDLQHG IURP PD[LPL]LQJ WKH DSSUR[LPDWH TXDGUDWLF
ORJOLNHOLKRRG IROORZLQJ IURP WKH LQLWLDO HVWLPDWRU a Q
 3DULV %RXUVH $OFDWHO
:H LOOXVWUDWH WKH DSSOLFDELOLW\ RI WKH SURSRVHG VHPLSDUDPHWULF WHFKQLTXHV XVLQJ GX
UDWLRQV REVHUYHG DW WKH 3DULV %RXUVH IRU WUDQVDFWLRQV LQ $OFDWHO 7KH REVHUYDWLRQV
FRYHU -XO\ DQG $XJXVW  'XULQJ WKLV SHULRG DOO WUDQVDFWLRQV DUH REVHUYHG 7KH
WUDGLQJ V\VWHP DW WKH RSHQLQJ RI WKH 3DULV %RXUVH GLHUV IURP WKDW GXULQJ WKHU H V W
RI WKH GD\ 7KHUHIRUH ZH GHOHWH WUDGHV ZLWKLQ  PLQXWHV RI WKH RSHQLQJ FRPSDUH
*RXULHURX[ DQG -DVLDN  6LPXOWDQHRXV WUDGHV DUH DJJUHJDWHG VR WKHUH DUH QR
]HUR GXUDWLRQV LQ RXU GDWDVHW 7KHVH VLPXOWDQHRXV WUDGHV DUH XVXDOO\ GXH WRO D U J H
RUGHUV RQ RQH VLGH RI WKH PDUNHW WKDW DUH PDWFKHG DJDLQVW VHYHUDO RUGHUV RQ WKH RWKHU
VLGH
7KH PHDQ GXUDWLRQ LQ RXU VDPSOH LV  VHFRQGV ZLWK D VWDQGDUG GHYLDWLRQ RI
 VHFRQGV )RU HDFK WLPH EHWZHHQ DP DQG SP )LJXUH  SORWV WKH
FXPXODWLYH QXPEHU RI WUDGHV RYHU DOO GD\V +HQFH WKH VORSH RI WKH OLQH UHHFWV WKH
DYHUDJH WUDGLQJ LQWHQVLW\ RYHU DOO GD\V DW D FHUWDLQ PRPHQW GXULQJ WKH GD\ )URP
)LJXUH  LW LV FOHDU WKDW WKH DYHUDJH WUDGLQJ LQWHQVLW\ LV DOPRVW FRQVWDQW GXULQJ
WKH GD\ ZLWK OXQFKWLPH DV DQ LPSRUWDQW H[FHSWLRQ 'XULQJ OXQFKWLPH WKHUH LV D FOHDU
DWWHQLQJ RI WKH DYHUDJH WUDGLQJ LQWHQVLW\ 7KH ORZHU PDUNHW DFWLYLW\ LV SURQRXQFHGO\
SUHVHQW LQ RXU GDWD VHW DQG WKHUHIRUH ZH KDYH WR FRQVLGHU D PHDQ GXUDWLRQ IXQFWLRQ
WKDW LV VOLJKWO\ PRUH FRPSOLFDWHG WKDQ  :H XVH WKH IROORZLQJ VSHFLFDWLRQ
¥L     GL  [L  ¥L 
ZKHUH GL LV DQ LQGLFDWRU IRU OXQFKWLPH 7KLV H[WHQVLRQ VHHPV WR EH VXFLHQW IRU WKH
FDVH DW KDQG VLQFH WKH WUDGLQJ LQWHQVLW\ LV DOPRVW FRQVWDQW EHIRUH QRRQ DQGD I W H U
SP :H VHW GL    IRU WUDQVDFWLRQV WKDW RFFXU EHWZHHQ QRRQ DQG  SP 1RWH
WKDW WKH H[SRQHQWLDO VPRRWKLQJ SDUDPHWHU  ZLOO WDNH FDUH RI D VPRRWK WUDQVLWLRQ
RI WKH ?QRUPDO LQWHQVLW\ WR WKH ORZHU OXQFKWLPH LQWHQVLW\ %\ WKH VDPH HHFW WKH
LQWHQVLW\ ZLOO LQFUHDVH DJDLQ DIWHU SP 7KLV JUDGXDO FKDQJH LV VHHQ LQ )LJXUH 
DV WKH 6VKDSHG IRUP RI WKH FXPXODWLYH LQWHQVLW\ DURXQG OXQFKWLPH (QJOH 
FRQVLGHULQJ ,%0 GDWD DGRSWV D QRQSDUDPHWULF VSHFLFDWLRQ RI WKH FRQVWDQWL QW K H
FRQGLWLRQDO PHDQ GXUDWLRQ HTXDWLRQ 7KHUH WKH H[SHFWHG GXUDWLRQV XFWXDWH LQ D
)LJXUH  &XPXODWLYH QXPEHU RI WUDGHV E\ GD\WLPH IRU WKH SHULRG -XO\  
   
30/(        
0DUWLQJDOH        
0DUNRY        
,,'        
7DEOH  (VWLPDWHV RI WKH SDUDPHWHUV LQ WKH $&' PRGHO  IRU WKH $OFDWHO GDWD
EDVHG RQ WKH IRXU SURFHGXUHV GHVFULEHG LQ WKH PDLQ WH[W ?30/( UHIHUV WR WKH
SVHXGROLNHOLKRRG PHWKRG EDVHG RQ DQ H[SRQHQWLDO LQQRYDWLRQ GLVWULEXWLRQ ?0DUWLQ
JDOH LV WKH HVWLPDWRU ZKHUH FRQGLWLRQDO GLVWULEXWLRQV DUH DVVXPHG WR EH EDVHG RQ SDVW
LQQRYDWLRQV ?0DUNRY LV WKH HFLHQW VHPLSDUDPHWULF HVWLPDWRU LQ FDVH WKHL Q Q R Y D 
WLRQ
V GLVWULEXWLRQ LV RQO\ DHFWHG E\ WKH ODVW LQQRYDWLRQ ?,,' UHIHUV WRW K HR S W L P D O
VHPLSDUDPHWULF HVWLPDWRU LQ WKH PRGHO ZKHUH WKH LQQRYDWLRQV DUH DVVXPHG WRE HL Q 
GHSHQGHQW RYHU WUDQVDFWLRQV 5REXVW VWDQGDUG HUURUV DUH UHSRUWHG LQ SDUHQWKHVHV VHH
PDLQ WH[W IRU GHWDLOV
PRUH SURQRXQFHG ZD\ RYHU WKH GD\ DQG WKH VLPSOH DSSURDFK  ZRXOG IDLO $V
ORQJ DV RQH LV LQWHUHVWHG LQ WKH SDUDPHWHUV  DQG  WKLV QRQSDUDPHWULF DSSURDFK
FRXOG DOVR EH DGRSWHG LQ RXU FXUUHQW VHWXS ,W LV LPSRUWDQW WR QRWH WKDW EHVLGHV WKH
LQWURGXFWLRQ RI WKH OXQFKWLPH GXPP\ GL ZH GR QRW HQKDQFH WKH VSHFLFDWLRQ RI WKH
FRQGLWLRQDO PHDQ GXUDWLRQ ¥L RU DSSO\ DQ\ SUHDQDO\VLV WUDQVIRUPDWLRQ WR WKH GDWD
:H HVWLPDWHG WKH $&' PRGHO XVLQJ WKH 30/( PHWKRG DQG WKUHH VHPLSDUDPHW
ULF PHWKRGV 7KH UVW HVWLPDWRU LQGLFDWHG E\ ?0DUWLQJDOH XVHV WKH VFRUH 
ZKHUH WKH FRQGLWLRQDO YDULDQFH RI WKH LQQRYDWLRQV LV HVWLPDWHG E\ D 1DGDUD\D:DWVRQ
QRQSDUDPHWULF UHJUHVVLRQ RI WKH VTXDUHG LQQRYDWLRQV RQ WKH SUHYLRXV LQQRYDWLRQ L
RQO\ XVLQJ WKH SURFHGXUH RXWOLQHG LQ 6HFWLRQ  6XFK DQ DSSURDFK LV RIWHQI R O 
ORZHG LQ SUDFWLFH HYHQ LI WKHRUHWLFDOO\ WKH FRQGLWLRQDO YDULDQFH LQ WKHR S W L P D O* 0 0
VFRUH  GHSHQGV RQ WKH ZKROH SDVW LH L L 7KH VHFRQG VHPLSDUD
PHWULF HVWLPDWRU LV EDVHG RQ D 0DUNRY DVVXPSWLRQ IRU WKH LQQRYDWLRQV LV H H( [ 
DPSOH  $JDLQ XQNQRZQ FRQGLWLRQDO GHQVLWLHV LQ WKH HFLHQW VFRUH IXQFWLRQ LQ
WKLV FDVH  DUH HVWLPDWHG XVLQJ NHUQHO WHFKQLTXHV DQG WKLV HVWLPDWLRQ GRHV QRW
DHFW WKH DV\PSWRWLF VHPLSDUDPHWULF HFLHQF\ RI WKH HVWLPDWRU 7KH HVWLPDWRU WKXV
REWDLQHG LV GHQRWHG ?0DUNRY 7KH WKLUG VHPLSDUDPHWULF HVWLPDWRU LPSRVHV LQGHSHQ
GHQFH RI WKH LQQRYDWLRQV LH +L   IJ ZLWKRXW VSHFLI\LQJ WKH H[DFW GLVWULEXWLRQ
VHH ([DPSOH  7KLV HVWLPDWRU LV GHQRWHG E\ ?,,' DQG LWV WKHRUHWLFDO SURSHUWLHV
LQ WKH JHQHUDO QRQLLG VHPLSDUDPHWULF PRGHO DUH XQNQRZQ EXW WKHUH LV QRU H D V R Q
WR H[SHFW WKDW HYHQ DQ HOHPHQWDU\ SURSHUW\ DV FRQVLVWHQF\ LV SUHVHUYHG 6LQFH WKH
DQDO\VLV RI WKH UHVLGXDOV ODWHU LQ WKH SUHVHQW VHFWLRQ FOHDUO\ VKRZV WKDW WKH LQQRYDWLRQV
DUH XQOLNHO\ WR EH LQGHSHQGHQW WKH ?,,' HVWLPDWRU LV RQO\ JLYHQ IRU FRPSDULVRQ DQG
QRW GLVFXVVHG IXUWKHU 5HVXOWV RI DOO IRXU HVWLPDWRUV IRU WKH $OFDWHO GDWD DUH SUHVHQWHG
LQ 7DEOH 
7DEOH  VKRZV WKDW WKH VHPLSDUDPHWULF SURFHGXUHV ?0DUWLQJDOH DQG ?0DUNRY
SURYLGH VPDOOHU VWDQGDUG HUURUV WKDQ WKH SVHXGROLNHOLKRRG HVWLPDWRU *HQHUDOO\
VSHDNLQJ WKH JDLQ LV HTXLYDOHQW WR DQ LQFUHDVH LQ WKH QXPEHU RI REVHUYDWLRQV E\
DERXW  7KH *00W\SH HVWLPDWRU ?0DUWLQJDOH DQG WKH HFLHQW VHPLSDUDPHW
ULF HVWLPDWRU LQ WKH 0DUNRY PRGHO ?0DUNRY EHKDYH VLPLODUO\ IRU WKH GDWD DW KDQG
$ FRQFHUQ LV D SRVVLEOH ELDV LQ WKH ?0DUNRY HVWLPDWHV IRU WKH ORQJWHUP OHYHOV RI
WKH GXUDWLRQV DV PHDVXUHG E\  DQG  LQ  1RWH KRZHYHU WKDW WKLV LV LQ OLQH
ZLWK WKH IDFW WKDW WKH FRQVWDQW WHUPV LQ DQ $5&+W\SH VWRFKDVWLF YRODWLOLW\P R G H O
FDQQRW EH HVWLPDWHG DGDSWLYHO\ VHH HJ /LQWRQ  DQG FRXOG EH UHVROYHG DORQJ
VWDQGDUG OLQHV DW WKH FRVW RI LQWHQVLYH VLPXODWLRQV
,W LV NQRZQ WKDW HVWLPDWHV IRU WKH )LVKHU LQIRUPDWLRQ LQ VHPLSDUDPHWULF PRGHOV RI
WHQ KDYH ZHDN FRQYHUJHQFH SURSHUWLHV 7KHUHIRUH ZH GR QRW EDVH WKH VWDQGDUG HUURUV
LQ 7DEOH  RQ WKH HVWLPDWHG )LVKHU LQIRUPDWLRQ GLUHFWO\ EXW ZH DSSO\ D UHVDPSOLQJ
WHFKQLTXH )RU HDFK GD\ VHSDUDWHO\ HVWLPDWHV RI WKH SDUDPHWHUV DUH REWDLQHG 7KH HV
WLPDWHV DQG VWDQGDUG HUURUV SUHVHQWHG DUH EDVHG RQ WKH ORFDWLRQ DQG GLVSHUVLRQ RI WKH
GDLO\ HVWLPDWHV $VVXPLQJ WKDW WKH PRGHO LQQRYDWLRQV DUH LQGHSHQGHQW RYHU GLHUHQW
GD\V WKLV JLYHV FRQVLVWHQW HVWLPDWHV IRU WKH VWDQGDUG HUURUV :H XVH WKH PHGLDQ DQG
WKH PHGLDQ DEVROXWH GHYLDWLRQ DV PHDVXUH IRU ORFDWLRQ DQG GLVSHUVLRQ UHVSHFWLYHO\
WR SUHYHQW D GRPLQDWLQJ HHFW RI RXWO\LQJ GDLO\ HVWLPDWHV 7KH PHGLDQ DEVROXWH
GHYLDWLRQ LV VWDQGDUGL]HG VXFK WKDW LQ FDVH RI QRUPDOLW\ WKH VWDQGDUG GHYLDWLRQ LV
REWDLQHG 1RWH WKDW RQ DYHUDJH WKH GDLO\ HVWLPDWHV DUH EDVHG RQ DSSUR[LPDWHO\ 
REVHUYDWLRQV 2I FRXUVH DQ DOWHUQDWLYH ZRXOG EH WR XVH D ERRWVWUDSW\SH SURFHGXUH
EXW WKH WKHRUHWLFDO SURSHUWLHV RI VXFK DQ DSSURDFK ZRXOG EH GLFXOW WR HVWDEOLVK LQ
RXU QRQLLG VLWXDWLRQ DQG WKH FRPSXWDWLRQDO HRUW LQYROYHG ZRXOG EH HQRUPRXV
,Q RUGHU WR DVVHVV WKH VRXUFH RI WKH JDLQ RI WKH VHPLSDUDPHWULF SURFHGXUHV RYHU
WKH SVHXGROLNHOLKRRG SURFHGXUH ZH VWXG\ WKH UHVLGXDOV L , Q) L J X U H   D QH V W L 
PDWH RI WKH XQFRQGLWLRQDO GHQVLW\ RI WKH LQQRYDWLRQV LV SORWWHG (QJOH  QGV
D VLPLODU JUDSK VHH KLV )LJXUH  DQG WKH GDWD VXJJHVW D QRQH[SRQHQWLDO PDUJLQDO
GLVWULEXWLRQ 7R VWXG\ WKH GHSHQGHQFLHV EHWZHHQ WKH LQQRYDWLRQV )LJXUH  VKRZV
WKH DXWRFRUUHODWLRQ IXQFWLRQ RI WKH UHVLGXDOV WKH VTXDUHG FHQWHUHG UHVLGXDOV DQG
WKH ORJUHVLGXDOV :H FOHDUO\ VHH WKDW ERWK UHVLGXDOV DQG WKHLU VTXDUHV DUH D O P R V W 
XQFRUUHODWHG ZKLOH WKH ORJUHVLGXDOV VKRZ D VPDOO EXW VLJQLFDQWO\ SRVLWLYH DXWRFRU
UHODWLRQ 7KH SURSRVHG VHPLSDUDPHWULF SURFHGXUH WDNHV VXFK GHSHQGHQFLHVH  H F W L Y H O \
LQWR DFFRXQW 7KH DXWRFRUUHODWLRQ RI ORJUHVLGXDOV LV RQO\ DERXW  $SSDUHQWO\
VXFK ORZ GHSHQGHQFLHV VWLOO VKRZ XS LQ WKH HFLHQF\ JDLQV IRU WKH VHPLSDUDPHWULF
HVWLPDWRUV $V PHQWLRQHG EHIRUH LQ RXU VLWXDWLRQ WKH JDLQ LV RI WKH RUGHU RI  RI
WKH REVHUYDWLRQV
7KLV QXPEHU LV REWDLQHG DV WKH DYHUDJH UHODWLYH HFLHQF\ RI WKH ?0DUWLQJDOH HVWLPDWRU DQG WKH
?0DUNRY HVWLPDWRU ZLWK UHVSHFW WR WKH 30/(
)LJXUH  (VWLPDWH RI XQFRQGLWLRQDO GHQVLW\ RI LQQRYDWLRQV
)LJXUH  $&) RI UHVLGXDOV  VTXDUHG FHQWHUHG UHVLGXDOV 
DQG ORJUHVLGXDOV     
 6LPXODWLRQ UHVXOWV
7KH UHVXOWV LQ WKH SUHYLRXV VHFWLRQ LQGLFDWH WKDW HYHQ VPDOO GHSHQGHQFLHV LQ WKH LQ
QRYDWLRQV DV PHDVXUHG HJ E\ WKH DXWRFRUUHODWLRQ RI WKH ORJUHVLGXDOV FDQ LQGXFH
VL]HDEOH HFLHQF\ JDLQV RI HFLHQW VHPLSDUDPHWULF SURFHGXUHV RYHU SVHXGROLNHOLKRRG
SURFHGXUHV ,Q WKH FXUUHQW VHFWLRQ ZH LQYHVWLJDWH WKLV LQ PRUH GHWDLO 7KHUHWR ZH
FRQVLGHU SDUDPHWULF PRGHOV WKDW PLPLF WKH PRVW VDOLHQW IHDWXUHV RI WKH $OFDWHO GDWD
:H GR QRW DGYRFDWH WR XVH WKHVH SDUDPHWULF PRGHOV DV DQ DOWHUQDWLYH WR WKH VHPL
SDUDPHWULF PRGHOV LQWURGXFHG LQ 6HFWLRQ  VLQFH PLVVSHFLFDWLRQ LV TXLWH OLNHO\ DQG
PD\ DGYHUVHO\ DHFW WKH HVWLPDWRUV 7KH SDUDPHWULF PRGHOV LQ WKLV VHFWLRQ DUH PHUHO\
XVHG WR FRQUP WKH SURSHUWLHV RI WKH VHPLSDUDPHWULF HVWLPDWRUV LQ UHDOLVWLF VHWWLQJV
7KH UHVLGXDOV RI WKH $OFDWHO GXUDWLRQV LQ 6HFWLRQ  VKRZ VRPH GHOLFDWH GHSHQGHQ
FLHV &OHDUO\ WKH PRGHO VSHFLFDWLRQ UHTXLUHV WKDW WKH UHVLGXDOV DUH XQFRUUHODWHG
6TXDUHG UHVLGXDOV DOVR DSSHDU WR EH XQFRUUHODWHG ZKLOH ORJDULWKPLF UHVLGXDOV VKRZ
VRPH ZHDN EXW VLJQLFDQW UVWRUGHU DXWRFRUUHODWLRQ $Q H[WHQVLRQ RI WKH FODVVLFDO
*DPPD LQFOXGLQJ WKH H[SRQHQWLDO RU ORJQRUPDO VSHFLFDWLRQV LQFRUSRUDWLQJ WKHVH
VW\OL]HG IHDWXUHV LV REWDLQHG E\ PDNLQJ WKH SDUDPHWHUV RI WKRVH GLVWULEXWLRQV WLPH


















L   L 
1RWH WKDW IRU ERWK VSHFLFDWLRQV WKH FRQGLWLRQDO YDULDQFH RI WKH LQQRYDWLR Q VL VL Q 
GHHG JLYHQ E\  
L &OHDUO\ WKH DERYH VSHFLFDWLRQV DUH QRW WKH RQO\ SDUDPHWULF
RQHV WKDW JHQHUDWH GHSHQGHQFH VWUXFWXUHV FRPSDUDEOH WR WKRVH IRXQG LQ WKH $OFDWHO
GDWD 7KHUHIRUH ZH DGYRFDWH WKH XVH RI D VHPLSDUDPHWULF WHFKQLTXH IRU HFRQRPHWULF
DQDO\VLV RI WKH VWUXFWXUDO SDUDPHWHUV LQ WKH VSHFLFDWLRQ RI WKH FRQGLWLRQDO H[SHFWHG
GXUDWLRQ ¥L 7KLV VHHPV DOO WKH PRUH UHDVRQDEOH VLQFH D SDUDPHWULFDOO\ PLVVSHFLHG
PRGHO RI WKH LQQRYDWLRQ
V GLVWULEXWLRQ GRHV QRW SURGXFH FRQVLVWHQW SVHXGROLNHOLKRRG
HVWLPDWHV LQ JHQHUDO $V KDV EHHQ SRLQWHG RXW EHIRUH WKLV KROGV HYHQ LI WKH SDUDPHWULF
VSHFLFDWLRQ LQFOXGHV WKH LLG H[SRQHQWLDO VSHFLFDWLRQ IRU ZKLFK SVHXGROLNHOLKRRG
SURFHGXUHV DUH FRQVLVWHQW
:H SUHVHQW UHVXOWV IRU WKH VDPH IRXU HVWLPDWRUV DV XVHG LQ WKH DQDO\VLV RI WKH$ O 
FDWHO GDWD 7KH UVW HVWLPDWRU 30/( LV WKH H[SRQHQWLDO 30/( )RU WKH VHFRQG
HVWLPDWRU ?0DUWLQJDOH WKH FRQGLWLRQDO YDULDQFH RI WKH LQQRYDWLRQV PD\ GHSHQG LQ
DQ DUELWUDU\ ZD\ RQ WKH SDVW 7KH WKLUG HVWLPDWRU ?0DUNRY LV EDVHG RQ WKH H
FLHQW VHPLSDUDPHWULF VFRUH  DQG DVVXPHV WKDW WKH LQQRYDWLRQV IROORZD0 D U N R Y
SURFHVV ZLWK XQNQRZQ WUDQVLWLRQ GHQVLW\ 7KH QDO HVWLPDWRU ?,,' LV WKHH  F L H Q W
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7DEOH  6LPXODWLRQ UHVXOWV IRU WKH $&' PRGHO  ZLWK LLG H[SRQHQWLDOL Q Q R Y D 
WLRQV 6HH 7DEOH  IRU DQ H[SODQDWLRQ RI WKH WHUPLQRORJ\ XVHG
WUXH YDOXHV LQ  DUH         DQG     DQG ZH FRQVLGHU ERWK WKH
*DPPD VSHFLFDWLRQ  DQG WKH ORJQRUPDO VSHFLFDWLRQ  7KH GDLO\Q X P E H U
RI REVHUYDWLRQV LV LQ DFFRUGDQFH ZLWK WKH DYHUDJH LQ WKH $OFDWHO GDWD [HG DW 
7KH FRPSXWDWLRQDO HRUW LQ WKH VLPXODWLRQV LV VXEVWDQWLDO 7KHUHIRUH WKHQ X P E H UR I
UHSOLFDWLRQV LV OLPLWHG WR  $JDLQ ZH SUHVHQW ORFDWLRQ DQG GLVSHUVLRQ HVWLPDWHV
WKDW DUH EDVHG RQ UREXVW HVWLPDWHV LH WKH PHGLDQ DQG WKH PHGLDQ DEVROXWH GHYLD
WLRQ 7KH UHSRUWHG VWDQGDUG HUURUV DUH PXOWLSOLHG ZLWK
T
  LQ RUGHU WR PDNH
WKHP FRPSDUDEOH WR WKH HPSLULFDO UHVXOWV RI 6HFWLRQ 
7KH VLPXODWLRQ UHVXOWV IRU WKH *DPPD DQG WKH ORJQRUPDO VSHFLFDWLRQ DUH SUH
VHQWHG LQ 7DEOHV  )RU UHIHUHQFH ZH DOVR SUHVHQW WKH UHVXOWV LQ FDVH WKH LQQRYDWLRQV
DUH LQGHSHQGHQWO\ DQG LGHQWLFDOO\ H[SRQHQWLDOO\ GLVWULEXWHG VHH 7DEOH  :H SUHVHQW
ERWK WKH HVWLPDWLRQ UHVXOWV EDVHG RQ H[DFW VFRUHV LH DV DSSURSULDWH IRUW K HG D W D
JHQHUDWLQJ SURFHVV DW KDQG DQG UHVXOWV EDVHG RQ HVWLPDWHG VFRUHV )URP WKLV ZH FDQ
WKHQ LQIHU WKH WKHRUHWLFDO VHPLSDUDPHWULF HFLHQF\ JDLQ DQG WKH HHFW RI WKH QRQ
SDUDPHWULF GHQVLW\ DQG UHJUHVVLRQ IXQFWLRQ HVWLPDWHV 7DEOH  SUHVHQWV WKH UHVXOWV LQ
WKH LGHDO VLWXDWLRQ RI LLG H[SRQHQWLDO LQQRYDWLRQV L $V GLVFXVVHG LQ 6HFWLRQ  DOO
IRXU HVWLPDWRUV DUH HFLHQW HYHQ DGDSWLYH LQ WKLV FDVH ,QGHHG WKH VFRUHV XVHG E\
DOO HVWLPDWRUV DUH WKH VDPH DQG FRQVHTXHQWO\ ZKHQ XVLQJ H[DFW VFRUHV WKHH V W L P D 
WRUV DUH LGHQWLFDOO\ HTXDO WR WKH 30/( ,Q FDVH WKH VFRUH IXQFWLRQV DUH HVWLPDWHG WKH
HVWLPDWRUV VWLOO EHKDYH WKHRUHWLFDOO\ WKH VDPH 7KH VLPXODWLRQ UHVXOWV FRQUP WKLV
DV WKHUH LV OLWWOH YDULDWLRQ ZLWK UHVSHFW WR VWDQGDUG HUURUV 2QH PD\ QRWLFHDV O L J K W
LQFUHDVH LQ WKH YDULDWLRQ IRU WKH VHPLSDUDPHWULF ?0DUNRY HVWLPDWRU ZKLFKL VF D X V H G
E\ WKH QRQSDUDPHWULF FRQGLWLRQDO GHQVLW\ HVWLPDWLRQ WKHUHLQ
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7DEOH  6LPXODWLRQ UHVXOWV IRU WKH $&' PRGHO  ZLWK LQQRYDWLRQ VWUXFWXUH 
ZKHUH  
L    L 6HH 7DEOH  IRU DQ H[SODQDWLRQ RI WKH WHUPLQRORJ\ XVHG
UVW FRQVLGHU WKH FRQGLWLRQDO *DPPD LQQRYDWLRQV LQ  ,Q WKLV FDVH WKH3 0 / (
DQG WKH ?0DUWLQJDOH DQG ?0DUNRY VHPLSDUDPHWULF HVWLPDWRUV SURYLGH FRQVLVWHQW
HVWLPDWHV 7KHUH LV QR JXDUDQWHH NQRZQ WR XV WKDW WKH ,,' VHPLSDUDPHWULF HVWLPDWRU
LV FRQVLVWHQW LQ WKLV VHWWLQJ ZLWK GHSHQGHQW LQQRYDWLRQV 2I FRXUVH FDOFXODWLRQV ZLWK
H[DFW VFRUHV FDQQRW EH SHUIRUPHG IRU WKLV HVWLPDWRU 7KH UHVXOWV EDVHG RQ H[DFW VFRUHV
VKRZ WKDW WKH WKHRUHWLFDO VWDQGDUG HUURUV RI WKH 30/( DUH VRPHZKDW ODUJHU WKDQ WKRVH
RI WKH WZR FRQVLVWHQW VHPLSDUDPHWULF HVWLPDWRUV 7KLV FRQUPV WKH UHVXOWV RI 6HFWLRQ 
DV WKH FRQGLWLRQV XQGHU ZKLFK WKH 30/( SURYLGHV HFLHQW HVWLPDWHV DUH QRW PHW LQ
WKH SUHVHQW VLPXODWLRQ ZKHUH YDUILM+LJ LV QRQGHJHQHUDWH 1RWH KRZHYHU WKDW
VLQFH WKH LQQRYDWLRQV DUH FRQGLWLRQDOO\ *DPPD GLVWULEXWHG WKH ?0DUWLQJDOH DQG
?0DUNRY VHPLSDUDPHWULF HVWLPDWRUV DUH WKHRUHWLFDOO\ HTXDO +RZHYHU WKH GHQVLW\
HVWLPDWLRQ UHTXLUHG LQ WKH LPSOHPHQWDWLRQ RI WKH ?0DUNRY VHPLSDUDPHWULF HVWLPDWRU
LQFUHDVHV LWV YDULDELOLW\ WR WKH OHYHO RI WKH 30/( ZKLOH WKH ?0DUWLQJDOH HVWLPDWRU
UHWDLQV LWV WKHRUHWLFDO YDULDELOLW\
7KH IRUPHU WZR VLPXODWLRQV DUH VWLOO TXLWH VSHFLF VLQFH DV\PSWRWLFDOO\ WKH ?0DU
WLQJDOH DQG ?0DUNRY VHPLSDUDPHWULF HVWLPDWRUV FRLQFLGH :H WKHUHIRUH DOVR FRQ
GXFWHG WKH DQDO\VLV XVLQJ FRQGLWLRQDOO\ ORJQRUPDOO\ GLVWULEXWHG LQQRYDWLRQV DV LQ 
$V QRWHG EHIRUH WKH ORJQRUPDO GLVWULEXWLRQ LV QRW VXLWHG DV D SVHXGRGLVWULEXWLRQ LQ D
30/( SURFHGXUH VLQFH VXFK DQ HVWLPDWRU ZRXOG JHQHUDOO\ EH LQFRQVLVWHQW +RZHYHU
LW LV LQIRUPDWLYH WR LQYHVWLJDWH WKH HHFW RI ORJQRUPDO LQQRYDWLRQV RQ WKH VLPXODWLRQ
UHVXOWV VHH 7DEOH  $JDLQ WKH ODVW VHPLSDUDPHWULF HVWLPDWRU EDVHG RQ DQ LLGQHVV
DVVXPSWLRQ RQ WKH LQQRYDWLRQV GRHV QRW SURGXFH FRQVLVWHQW HVWLPDWHV LQ WKLV FDVH
7KLV LV FOHDUO\ YLVLEOH IURP WKH WDEOH ERWK XVLQJ H[DFW VFRUHV DQG HVWLPDWHG VFRUHV
$V EHIRUH WKH ?0DUWLQJDOH DQG ?0DUNRY VHPLSDUDPHWULF HVWLPDWRUV VKRZ HFLHQF\
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7DEOH  6LPXODWLRQ UHVXOWV IRU WKH $&' PRGHO  ZLWK LQQRYDWLRQ VWUXFWXUH 
ZKHUH  
L    L 6HH 7DEOH  IRU DQ H[SODQDWLRQ RI WKH WHUPLQRORJ\ XVHG
LFDOO\ HTXLYDOHQW 7KH WDEOH VKRZV D VOLJKW LPSURYHPHQW RI WKH ?0DUNRY HVWLPDWRU
7KH JDLQV RI WKH HFLHQW VHPLSDUDPHWULF SURFHGXUHV RYHU WKH VWDQGDUG H[SRQHQWLDO
30/( DUH DV IRU WKH $OFDWHO GDWD URXJKO\ LQ WKH RUGHU RI PDJQLWXGH RI  RI WKH
QXPEHU RI REVHUYDWLRQV
1RWH WKDW WKH VWDQGDUG HUURUV IRU DOO VLPXODWLRQV GLHU VRPHZKDW IURP WKRVH IRXQG
IRU WKH $OFDWHO GDWD 7KLV VXJJHVWV WKDW LQ WKH $OFDWHO GDWD HYHQ PRUH FRPSOLFDWHG
GHSHQGHQFLHV WKDQ WKRVH VWXGLHG LQ WKLV VHFWLRQ SOD\ D UROH &OHDUO\ WKH XVH RI VHPL
SDUDPHWULF WHFKQLTXHV DYRLGV PLVVSHFLFDWLRQ SUREOHPV LQKHUHQWO\ SUHVHQW ZKHQ XV
LQJ SDUDPHWULF PRGHOV 1RWH WKDW WKH VLPXODWLRQ UHVXOWV IRU WKH ?0DUWLQJDOH DQG
?0DUNRY VHPLSDUDPHWULF HVWLPDWRUV DUH TXLWH VLPLODU LQ DOO FDVHV $SSDUHQWO\ IRU
WKH VSHFLFDWLRQV FKRVHQ LQ WKLV VHFWLRQ WKH UHVSHFWLYH VFRUHV  DQG  DUH
FORVH
6XPPDUL]LQJ WKH VLPXODWLRQV FRQUP WKDW VLJQLFDQW HFLHQF\ JDLQV PD\ EH
REWDLQHG IURP WKH XVH RI VHPLSDUDPHWULF SURFHGXUHV :H SUHIHU WKH WKHRUHWLFDOO\ RS
WLPDO VHPLSDUDPHWULF HVWLPDWRUV (YHQ LI ODUJH QXPEHUV RI REVHUYDWLRQV DUH DYDLODEOH
IRU WKH VWXG\ RI LQWUDGD\ GXUDWLRQV WKH VHPLSDUDPHWULF SURFHGXUHV DOORZI R UP X F K
PRUH SUHFLVH HPSLULFDO DQDO\VLV DQG SUHGLFWLRQ 0RUHRYHU ZLWK ODUJH GDWDVHWV WKH
GLVWRUWLRQV LQGXFHV E\ WKH QRQSDUDPHWULF GHQVLW\ HVWLPDWLRQ DUH OLNHO\ WRG L V D S S H D U 
5HFDOO WKDW RXU UHVXOWV DUH EDVHG RQ RQO\ D PRGHUDWH VDPSOH RI VL]H 
 &RQFOXGLQJ UHPDUNV
:H GLVFXVVHG RSWLPDO HVWLPDWLRQ LQ VHPLSDUDPHWULF GXUDWLRQ PRGHOV 7KH PRGHOV GLI
IHU LQ WKH VSHFLFDWLRQ RI WKH SRVVLEOH GHSHQGHQFLHV EHWZHHQ WKH LQQRYDWLRQV 7KHVH
VSHFLFDWLRQV UDQJH IURP WKH FDVH ZKHUH LQQRYDWLRQV DUH LLG ZLWK XQNQRZQ GHQ
VLW\ WR FRPSOHWHO\ DUELWUDU\ GHSHQGHQFLHV WKDW RQO\ LPSRVH DQ LGHQWLI\LQJ PDUWLQJDOH
UHVWULFWLRQ )RU WKHVH VSHFLFDWLRQV ZH GHULYHG WKH HFLHQW VFRUH IXQFWLRQV IRU WKH
SDUDPHWHUV RI LQWHUHVW WKDW JRYHUQ WKH FRQGLWLRQDO H[SHFWHG GXUDWLRQ :H DOVR VKRZHG
WKDW WKH RIWHQ XVHG H[SRQHQWLDO 30/( LV RQO\ HFLHQW XQGHU YHU\ UHVWULFWLYHF R Q G L 
WLRQV DQG WKDW WKH RWKHU 30/(
V HJ EDVHG RQ WKH ORJQRUPDO RU :HLEXOO GLVWUL
EXWLRQ DUH QRW FRQVLVWHQW :H VKRZHG WKDW DQ HDVLO\ LPSOHPHQWDEOH VHPLSDUDPHWULF
HVWLPDWRU DOORZV IRU VLJQLFDQW FRPSDUDEOH WR  RI WKH REVHUYDWLRQV HFLHQF\
JDLQV ,Q RUGHU WR QG D SRVVLEOH H[SODQDWLRQ IRU WKLV SKHQRPHQRQ ZH VHW XS DV L P X 
ODWLRQ H[SHULPHQW ZLWK WLPHYDU\LQJ SDUDPHWHUV LQ WKH LQQRYDWLRQ
V GLVWULEXWLRQ 7KH
VW\OL]HG IHDWXUHV RI WKH $OFDWHO GDWD IRU RXU REVHUYDWLRQ SHULRG DUH PLPLFNHG LQ WKLV
H[SHULPHQW 7KHVH VLPXODWLRQV FRQUP WKH IDFW WKDW WKH VHPLSDUDPHWULF SURFHGXUHV
RXWSHUIRUP SVHXGROLNHOLKRRG SURFHGXUHV
5HIHUHQFHV
%LFNHO 3- &$- .ODDVVHQ < 5LWRY DQG -$ :HOOQHU
 (FLHQW DQG $GDSWLYH 6WDWLVWLFDO ,QIHUHQFH IRU 6HPLSDUDPHWULF
0RGHOV -RKQ +RSNLQV 8QLYHUVLW\ 3UHVV %DOWLPRUH
'URVW )& DQG &$- .ODDVVHQ  (FLHQW HVWLPDWLRQ LQ
VHPLSDUDPHWULF *$5&+ PRGHOV -RXUQDO RI (FRQRPHWULFV    ^
 
'URVW )& &$- .ODDVVHQ DQG %-0 :HUNHU  $GDS
WLYH HVWLPDWLRQ LQ WLPHVHULHV PRGHOV 7KH $QQDOV RI 6WDWLVWLFV 
^
'URVW )& &$- .ODDVVHQ DQG %-0 :HUNHU  6HPL
SDUDPHWULF ORZHU ERXQGV LQ WLPH VHULHV PRGHOV ZLWK QRQ,,' HUURU
VWUXFWXUHV ZRUN LQ SURJUHVV
(QJOH 5) DQG -5 5XVVHOO  $XWRUHJUHVVLYH FRQGLWLRQDO GX
UDWLRQ $ QHZ PRGHO IRU LUUHJXODUO\ VSDFHG WUDQVDFWLRQ GDWD (FRQR
PHWULFD  ^
(QJOH 5)  7KH HFRQRPHWULFV RI XOWUDKLJKIUHTXHQF\ GDWD
(FRQRPHWULFD  ^
*RQ] DOH]5LYHUD *       $1 R W HR Q$ G D S W D W L R QL Q* $ 5 & +0 R G 
HOV (FRQRPHWULF 5HYLHZV  ^
*RXULHURX[ & DQG - -DVLDN  1RQOLQHDU $XWRFRUUHORJUDPV
DQ $SSOLFDWLRQ WR ,QWHUWUDGH 'XUDWLRQV ZRUNLQJ SDSHU
*RXULHURX[ & ( *K\VHOVD Q G- -DVLDN 6WRFKDVWLF YRODWLO
LW\ GXUDWLRQ PRGHOV SUHSULQW
.RXO +/ DQG $ 6FKLFN  (FLHQW HVWLPDWLRQ LQ QRQOLQHDU
DXWRUHJUHVVLYH WLPH VHULHV PRGHOV %HUQRXOOL  
.UHLVV -3 D 2Q DGDSWLYH HVWLPDWLRQ LQ VWDWLRQDU\ $50$ SUR
FHVVHV 7KH $QQDOV RI 6WDWLVWLFV  ^
.UHLVV -3 E 2Q DGDSWLYH HVWLPDWLRQ LQ DXWRUHJUHVVLYH PRGHOV
ZKHQ WKHUH DUH QXLVDQFH IXQFWLRQV 6WDWLVWLFV 	 'HFLVLRQV      
/LQWRQ 2  $GDSWLYH HVWLPDWLRQ LQ $5&+ PRGHOV (FRQRPHWULF
7KHRU\  ^
1HZH\ :.  6HPLSDUDPHWULF HFLHQF\ ERXQGV -RXUQDO RI $S
SOLHG (FRQRPHWULFV  ^
6WHLJHUZDOG '*  $GDSWLYH HVWLPDWLRQ LQ WLPH VHULHV UHJUHV
VLRQ PRGHOV -RXUQDO RI (FRQRPHWULFV  ^
6WHLQ &  (FLHQW QRQSDUDPHWULF WHVWLQJ DQG HVWLPDWLRQ 3UR
FHHGLQJV RI WKH 7KLUG %HUNHOH\ 6\PSRVLXP RQ 0DWKHPDWLFDO 6WDWLVWLFV
DQG 3UREDELOLW\  ^
9DQ GHU 9DDUW $  $V\PSWRWLF VWDWLVWLFV &DPEULGJH 8QLYHU
VLW\ 3UHVV &DPEULGJH
:HIHOPH\HU :  4XDVLOLNHOLKRRG PRGHOV DQG RSWLPDO LQIHU
HQFH 7KH $QQDOV RI 6WDWLVWLFV  ^
